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OBJECTIVE — Despite a high incidence of nocturnal hypoglycemia documented by the use
of continuous glucose monitoring (CGM), there are no reports in the literature of nocturnal
hypoglycemic seizures while a patient is wearing a CGM device.
RESEARCH DESIGN AND METHODS — In this article, we describe four such cases
and assess the duration of nocturnal hypoglycemia before the seizure.
RESULTS — In the cases where patients had a nocturnal hypoglycemic seizure while wearing
a CGM device, sensor hypoglycemia (60 mg/dl) was documented on the CGM record for
2.25–4 h before seizure activity.
CONCLUSIONS — Even with a subcutaneous glucose lag of 18 min when compared with
bloodglucosemeasurements,glucosesensorshavetimetoprovideclinicallymeaningfulalarms.
Current nocturnal hypoglycemic alarms need to be improved, however, since patients can sleep
through the current alarm systems.
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n the Diabetes Control and Complica-
tions Trial (DCCT), intensive diabetes
management was associated with an
increased frequency of severe hypoglyce-
micreactions,andmorethanhalfofthese
occurred at night (1). In children, 75% of
hypoglycemic seizures occur at night (2).
Among patients with type 1 diabetes,
thereisa6%lifetimeriskof“dead-in-bed”
(3),whichmayinpartbearesultofsevere
nocturnalhypoglycemia.Nighttimeisthe
mostvulnerableperiodforhypoglycemia,
since sleep blunts the counterregulatory
responses to hypoglycemia, even in non-
diabetic children (4). In young children,
there is also concern that severe hypogly-
cemiceventscancausepermanentneuro-
logic sequela.
These concerns over nocturnal hypo-
glycemia are a major reason for people
with type 1 diabetes welcoming the pos-
sibility of using real-time continuous glu-
cose monitoring (CGM) with real-time
hypoglycemic alarms. However, there are
limitations to current real-time CGM sys-
tems. Subcutaneous CGM has a 5- to 18-
min delay when compared with glucose
levels measured directly from the blood,
with greater delays occurring when blood
glucose levels are rapidly changing (5,6).
It is therefore critical to know how long
hypoglycemia can be tolerated before a
severe hypoglycemic event (seizure or
coma) occurs. Moreover, algorithms
could be designed that incorporate both
thedurationandseverityofhypoglycemia
and thus decrease the false detection rate.
We have found no published re-
ports of a nocturnal hypoglycemic
seizure while a subject was wearing a
CGM sensor. We present four such case
reports.
RESEARCH DESIGN AND
METHODS— To assess the duration
of sensor hypoglycemia preceding a noc-
turnal hypoglycemic seizure, investiga-
tors from around the world were
informally asked to submit cases for in-
clusion in this article. A total of four cases
were found: three cases using retrospec-
tive CGM and one case using real-time
CGM.
RESULTS
Case 1
A 16-year-old male was wearing an orig-
inal MiniMed CGM system (CGMS) (a
retrospective sensor without real-time
data or alarms) while he was attending a
diabetes camp. Nocturnal hypoglycemia
with CGMS glucose values 40 mg/dl
was present for 4 h before the seizure. He
wasdiagnosedatage6years,hisA1Cwas
7.4%, and he was treated with oral glu-
cose gel.
Case 2
A 12-year-old female wore a MiniMed
CGMS-Gold monitor (without real-time
dataoralarms).Shewasinitiallyhypogly-
cemic at 10:00 P.M., and the seizure oc-
curred at 2:00 A.M. During this time, all
CGMS values were 60 mg/dl. She was
diagnosed at age 8 years, her A1C was
9.0%, she was using Lantus basal insulin,
this was her ﬁrst seizure, and she was
treated with glucagon.
Case 3
A 16-year-old girl with type 1 diabetes
sinceage1yearhadunrecognizednoctur-
nal hypoglycemia. Her glucose was 50
mg/dl at 3:00 A.M. and remained 50
mg/dl until 7:00 A.M. when she had a sei-
zure.ShewaswearingtheoriginalCGMS,
so there were no hypoglycemic alarms.
She was diagnosed at age 1 year, she was
using NPH insulin, her A1C was 8.8%,
this was her ﬁrst seizure, and she was
treated with glucagon.
Case 4
This case subject was a 17-year-old wear-
ing a MiniMed 722 Paradigm real-time
continuous glucose monitor. Although
the sensor alarmed for 2 h and 15 min
before the seizure occurred, the alarm
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pump, which is also the glucose sensor
receiveronherpajamas,aroundherwaist
and was sleeping under a comforter.
When her parents entered her room, they
were unable to hear the pump/sensor
alarm until they removed the comforter.
She was diagnosed at age 7 years, she was
using an insulin pump, her A1C was
6.1%, this was her ﬁrst seizure, and she
was treated with oral glucose gel.
CONCLUSIONS — Reviewing these
case reports, we were impressed with the
long duration of CGM-documented se-
vere hypoglycemia of 2–4 h before a sei-
zure occurred in each of these cases. Two
of these records were obtained with the
original CGMS, which was reported to
have a high frequency of low glucose
readings at night (7); however, in our
cases, the validity of the CGMS readings
was conﬁrmed by the occurrence of hy-
poglycemic seizures in conjunction with
the low nocturnal CGM readings.
To prevent serious events such as sei-
zures, glucose sensors must both detect
hypoglycemia and provide a sufﬁciently
robust alarm to awaken the patient or
some other member of the household.
Schultes et al. (8) reported that people
with diabetes have an impaired awaken-
ing response to hypoglycemia, and only 1
of 16 subjects with type 1 diabetes awoke
to induced nocturnal hypoglycemia,
whereas 10 of 16 healthy control subjects
were awakened. We have previously vid-
eotaped the response of children to Glu-
coWatch alarms while they were sleeping
(9). Although children only awoke to
29% of individual alarms, there were 11
episodeswhentheywere70mg/dl,and
in each case, they awoke to repeated
alarms, indicating that sleeping patients
can respond to alarms when they are hy-
poglycemic. Glucose sensors should have
sufﬁciently robust alarm systems, partic-
ularly at night, to insure either the patient
or a surrogate is awoken to intervene.
Giventhelikelihoodthatprolongedorse-
vere hypoglycemia is needed before there
is a seizure, hypoglycemia detection algo-
rithms that incorporate the duration of
hypoglycemia could have lower false-
positive alarm rates and thus be more
clinically acceptable. This type of an
alarm system may not be applicable dur-
ingthedaytime,wherearapiddecreasein
blood glucose can result in neurocogni-
tive dysfunction, which can quickly im-
pair performance of important daytime
tasks (such as driving).
Itisourconclusionthatevenwiththe
time lag in interstitial glucose readings,
thereissufﬁcienttimetoawakenapatient
topreventaseizure,iftheyareawokenby
the alarm. The alarm systems need to be
more effective in awakening subjects. We
suggestaugmentingthealarmwithabed-
side device that would turn on a light and
transmit the alarm to another location in
the house, such as a parent’s bedroom.
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